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Abstract: Computer vision is one out of many areas that want to understand the pro- 
cess of human functionality and copy that process with intention to complement human 
life with intelligent machines. For better human-computer interaction it is necessary for 
the machine to see people. This can be achieved by employing face detection algorithms, 
like the one used in the installation “15 Seconds of Fame” [7]. Mentioned installation 
unites the areas of modern art  and technology. Its algorithm is based on skin colour de- 
tection. One of the problems this and similar algorithms have to deal with is sensitivity to 
the illumination conditions under which the input image is captured. Hence illumination 
sensitivity influences face detection results. One of the aspects from which we can ob- 
serve illumination influence is the choosing of the proper colour space. Since some colour 
spaces are designed to eliminate the influence of illumination when describing colour of 
an object, an idea of using such a colour space for skin-colour detection was taken under 
consideration and some of the methods were researched and tested. 
Keywords: computer vision, automatic detection, human face, face candidates search, 
skin-colour determination, 9D colour space, 30 colour space, illumination independence 
1 INTRODUCTION 
The installation “15 Seconds of Fame” [7] is an interactive art  installation, which 
intends to make instant celebrities out of common people by putting their portraits on 
the museum wall. The idea wm inspired by the quotation of the famous artist Andy 
Warhol: “In the future everybody will be world famous for fifteen minutes” and by the 
pop-art style of his work. The installation looks like a valuable framed picture (Fig. 1). 
LCD monitor and digital camera are built into the picture. Camera is connected to a 
computer, which controls the camera and processes captured images. Special software 
contains algorithm for face detection, which looks for faces in captured images. Among 
them it chooses one for further processing. In the next step a randomly chosen portrait 
is processed with randomly chosen filter and random colouring is applied afterwards. In 
such a way the portrait in a pop-art fashion arises, which is afterwards shown on screen 
for 15 seconds. 
The face detection algorithm that is used by the installation “15 Seconds of Fame” [7] 
uses 3D colour space (RGB) for detecting skin colour pixels. With the help of heuristic 
rules it is determined, whether a certain pixel of input image corresponds to the skin 
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Fig. 1: LCD computer monitor dressed up like a precious painting. The round opening 
above the picture is for the digital camera lens. 
colour. Note that the original face detection algorithm [6] was developed to work best 
under standard daylight illumination (CIE illuminant D65) [4]. After the skin colour 
classification is done for every pixel of the image, the skin region segmentation takes 
place. Unsuitable regions are then eliminated on the basis of geometric properties of the 
face. Remaining regions represent faces. Fig. 2 illustrates the described process. The skin 
colour for example for fair complexion under uniform daylight illumination is determined 
with the following rules [6, 71, which describe the skin cluster in the RGB colour space: 
Fig. 2: Stages in the process of finding faces in the installation “15 Seconds of Fame” 
R > 95 AND G > 40 AND B > 20 AND max{R, G, B }  - min{R, G, B }  > 15 AND 
IR-G1>15 AND R > G  AND R > B  
This is how we get the basic information for face candidates. Therefore skin colour 
determination is essential for further algorithm execution and the quality of results, in 
great extent, depends on described step. 
There is a possibility of searching skin colour elements in the 2D chromaticity space, 
where colour is described by only two dimensions and the third dimension is ignored. By 
doing that we achieve at least partial illumination independence when searching for skin 
colour elements and in such a way we try to improve the final results of face detection. 
This hypothesis is going to be checked in the following sections of this paper. 
Also, the skin region segmentation performed by face detection algorithrn can be 
seriously harmed if a lot of noise is present in the image. The amount of noise is increased 
in images with mild illumination. The 2D skin colour determination might diminish the 
influence of described type of noise. 
In the next section we describe tested 2D colour space methods for finding skin-like 
pixels. The comparison of effectiveness of different methods for finding skin colour is 
given in Section 3, using the presented face detection scheme. We conclude the paper in 
Section 4. 
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2 2D COLOUR SPACE SKIN CLUSTERING METHODS 
The skin cluster model is realized in YUV (YC,Cb) colour space [3]. This realization 
is done in two different ways. 
In the first case we describe skin colours with cluster determined by two central curves 
cb(Y) in c ( Y )  and by deviation curves Wc,(Y) in Wc?(Y). Here we can notice that 
all curves are dependant on Y component, which represents luminance. Equations of 
mentioned curves are the following: 
- 
where i in Wc,(Y) is b or r ,  W,, = 46.97, WL"~ = 23, W H ~ ,  = 14, W, = 38.76, W L ~ ~  = 20, 
= 10, Ki = 125, Kh = 188, Y,,, = 16 and Ymz = 235. These parameters are 
evaluated on the basis of skin cluster constructed from tests described in [3]. For every 
pixel of input image it is determined whether it corresponds to the colour of the skin or 
not. If it does, it corresponds to the following conditions: 
- 
c m  - cyWC?(Y) < C4Y) < C ( Y )  + cyWcr(Y) 
c b ( y )  - aWC,(y) < cb(y) < G(y) + Q W C b ( y ) >  (2) 
- 
where a represents a constant. Selected value a in [3] equals 1. This choice is quite 
unpleasant since it causes that to many pixels are recognized as skin colour. By the use 
of small test set we manage to tune the value of cy. It was shown that the best results are 
provided by the value of cy = 0,56. This value is also used in the described tests. The 
graph of skin colour cluster is shown on Fig. 3. 
Fig. 3: a, b) The graph of skin colour cluster of the first method for the 2D skin 
colour determination shows: a) function Cv(Y) (first line in Eq. (2)), b) function cb(Y) 
(second line in Eq. (2)). c) The skin cluster of the second method for the 2D skin colour 
determination: z axis of coordinate system corresponds to component C, and y axis 
corresponds to component c b  (see Eq. (3)). 
In the second case the skin colours can be represented with an ellipse. In this case we 
adopt the following constraint. In the colour space YUV the chromaticity is independent of 
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luminance, which is not entirely true. In reality the chromaticity is nonlinearly dependent 
on luminance Y. The equation of an area that has a form of an ellipse (see Fig. 3 ) ,  with 
which we can describe the skin colour cluster, can be written as: 
where e, = 109.38, 4 = 152.02, 8 = 2.53 radians, e,, = 1.6, eCar = 2.41, a = 25.39 and 
b = 14.03. This parameters also reflects the properties of skin colour cluster described in 
[3]. When chromaticity (Cr,Cb) leads to  the pair (zJ), that is inside the ellipse, l,hen this 
colour corresponds to  the skin colour. 
In the continuation we refer to the described methods as 3D (our 3D method), 2 D a  
(for the first 2D method) and 2D-b (for the second 2D method). 
3 COMPARISON OF METHODS 
Described methods for skin colour determination were tested on two testing sets [5]. 
Experiments were first performed on the set of images gathered at the first public showing 
of the installation. The testing set is composed of 40 images taken under standard (CIE 
illuminant D65) [4] illumination conditions with one or more faces on each image. 
Note that the results in Tabs. 1 and 2 are given for our 3D method (3D) and for the 
presented 2D methods (2Da,  2D-b) for the skin colour determination. The tables show 
the number of all detections (Detected), the number of detected faces as true positives 
(TP), the number of false detections as false positives (FP) and the number of faces 
missed as false negatives (FN). TP/Det shows the percentage of true positives out of 
all detections and FN/AII shows the percentage of false negatives out of all faces in the 
subset. For our installation the first percentage is extremely important, while the second 
one is merely informative, since we have consciously eliminated faces that were too small 
for further processing but were included in the number of all faces! 
The results of the first test are shown in Tab. 1 and are in comparison to the 31) method 
for skin detection much worse. The reason lies in the fact that beside true skin colour 
pixels many other pixels that do not represent skin colour were recognized as skin. These 
pixels obstructed face detection algorithm when it performed skin colour segmentation. 
As a result face regions were connected with the neighbouring regions and as such could 
not satisfy the face shape criterion. Hence they were eliminated from further processing. 
An example of this problem is shown on Fig. 4. In Tab. 1 we can notice that the 
algorithm Grey World [2, 51 diminishes the influence of this effect. Gray World algorithm 
is based on the presumption that the average surface colour on the image is acromatic. It 
presents simple and fast method for colour compensation, i.e. for elimination of influence 
of non-standard illumination from images. 
The second testing set contained aproximately 3 * 20 = 60 images with one or more 
faces on each image. They were taken under 3 different non-standard illumination con- 
ditions. The subsets red, blue and green were generated by illuminating the scene with 
the corresponding colour light. First, illumination detection on images was performed 
with correlation technique [l, 51, then the images were reconstructed under approxima- 
tion of standard illumination and finally face detection algorithm was applied on im- 
ages. Note that the results of the face detection on the secand set of images are in all 
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Fig. 4: An example of had results of face detection performed in the 2D colour space: 
All found regions are shown on the left side of the figure and all kept regions are shown 
on the right side of the figure. The reason for bad performance is explained in the text. 
I FN I/ F N  / /  44 40 i 71 73 44 i 45 I TP/Det 90,66 57,81 5335 TP/Det 92,85 76,47 7 0 3  FN/AII 36,70 65,14 66,97 FN/AI l  4037 40,37 41,28 
Table 1: The results of face detection for standard illumination conditions (standard) 
and the same set previously processed with Grey World algorithm [2, 51 (standard + 
GW) . 
cases TP/Det=O% and FN/All=100% if no method for eliminating the influence of non- 
standard illumination is applied previously to face detection algorithm. This can occur if 
face detection algorithm finds no skin colour in an image, which can often be the cme in 
extreme illumination conditions. 
Correlation method (Colour by Correlation [l, 51) for eliminating the influence of 
non-standard illumination consist of two distinct steps: scene illumination detection and 
standard illumination reconstruction. In the first step, the algorithm determines with the 
help of preliminary knowledge which illumination out of the set of known illuminations 
is present in the image. In the second step, it applies the necessary transformations to 
reconstruct the standard (or other wanted) illumination. 
Results of the test performed on this set showed that 2D methods for skin colour 
determination have in some cases positive influence on the results of face detection. From 
Tab. 2 it is obvious that described methods show a certain amount of improvement, 
first of all on FN/All percentage. This is obvious on subsets with darker illumination 
conditions (redand green). We noticed that a bigger noise level is present in the image after 
performing reconstruction of standard illumination on images from all three subsets. The 
2D skin detection methods diminish the influenee of noise and cause better compactness 
of skin regions, hence better segmentation is possible. 
4 CONCLUSION 
From the presented results we can conclude that for face detection algorithms that 
detect faces based only on colour information it is better to use skin detection in the 3D 
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I blue + C II green + C II red + C I 
FP FP 11 FP 
F N  
Table 2: The results of face detection for three non-standard illumination conditions 
previously processed with Colour by Correlation algorithm [l, 51 (blue + C ,  green + 
C and red + C ) .  
colour space. This fact also dictates the usage of specific constraints on the type of input 
image illumination. The methods that use 2D colour space for skin colour determination 
are more appropriate for face detection algorithms that beside colour based approach use 
also some other approach, e.g. feature based approach. The 2D methods define skin 
colour over greater colour specter, hence more exact process for face candidate region 
conformation is necessary. All arguments presented in this paper call our attention to the 
fact that the proper method selection with regard to the type of input image illumination 
is essential. 
To achieve illumination independance, we instead of 2D colour space skin labeling 
approach use the algorithms for eliminating the influence of non-standard illumination 
from images, e.g. Gray World [Z] and Colour by Correlation [l]. Now our installation can 
be exhibited almost anywhere. 
References 
G. D. Finlayson, S. D. Hordley, P. M. Hubel, Color by Corellation: A Simple, Uni- 
fying Framework for Colour Constancy, IEEE Transactions on Pattern Analysis and 
Machine Inteligence, 23(11), 2001, 1209-1221 
B. Funt, K.  Bernard, L. Martin, Is Machine Colour Constancy Good Enough, Pm- 
ceedings of the 5th European Conference on  Computer Vision (ECCV’SB), Freiburg, 
Germany, 1998, 445-459 
R. L. Hsu, M. Abdel-Mottaleb, A. K. Jain, Face Detection in Colour Images, IEEE 
Transactions on Pattern Analysis and Machine Inteligence, 24(5), 2002, 696-706 
Joint ISO/CIE Standard IS0 10526:1999/CIE S005/E-1998 CIE Standard Illuminants 
for Colourimetry, 1999, http://www. cie. CO. at/cie/ 
J. KovaE, Eliminating the Influence of Non-Standard Illumination from Images, 
Diploma Thesis, University of Ljubljana; Faculty of Computer and Information Sci- 
ence, 2002 
P. Peer, F. Solina, An Automatic Human Face Detection Method, Proceedings of 
the 4th Computer Vision Winter Workshop (CVWW’gS),  Rastenfeld, Austria, 1999, 
122-130 
Franc Solina, Peter Peer, Borut Batagelj, Samo Juvan, 15 seconds of fame - an in- 
teractive, computer-vision based art installation, Proceedings of the 7th International 
Conference on Control, Automation, Robotics and Vision ( ICARCV 2002), Singapore, 
2002, 198-204 
454 
